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Description 

This invent-on pertains to improved piaster moCdings and more partfcu^y to those having Improved sur- 
faM A^^ i rSrovementthat has made a secant contribution to commerc^ P*^""*" J*£ 

^ ta- P-V soiuble in the uncured polyester/styrene so.utio.As the pojyjj- 

ter/s^rmSe crosslinks, the thermoplastic potymer becomes incompatible or ess soluble ,mc .at least 
37o^es out of solution. This action causes a vo.ume expansion that compensates for the shnnkage that 
occurs when the poiyester/styrene mixture crosslinks. _ 
The deveiopment of loJJprofHe unsaturated polyester compounds has led to a -de ^nce of th«e 
materials bv the transportation industry because of their good surface appearance, d.mens.onal stabBrty, physn 
321 aSmUy consolidation and potential weight savings. However, as new applicahons developed 
SEESi EI Seed making it desirable for even better surface appearance and of np- 

ples and waviness that sometimes develop, particularly in relatively large appearance sens*vearea^ 

There is, therefore, a need to provide low-profile unsaturated polyester compounds which afford .mproved 
surface appearance in me molded parts obtainable therefrom. ,^,k™«. 
in acceptance with the invention, it has been found that polyester molding composrbons meeting the above- 

'Tara^tn^compnsing the reaction product of an olefinically unsaturated dicarboxyl* acid or 

25 anhydride and a poiyol; 

(b) an olefinically unsaturated monomer that is copolymenzable with sa.d polyester resin, 

(c) a thermoplastic vinyl acetate polymer low-profile additive to control shrinkage; and 

(d) an effective amount of a secondary cross-linkable vinyl monomer having a reacbvrty rabo wrth styrene 
of greater than 1. 

Based on this finding, the invention as claimed has been made. .. . , 

The polyesters that are employed in the invention include reaction products of a d,carboxyl« ac,d or anhyd- 
ride w^thapdyhydric alcohol. The dioarboxyllc acids or anhydrides that are employed to P^ucethepo^^ 
eTmeTsingl^rcombination. must indude those that contain olefinic unsaturate. praferaWy ^™*» 
olefinic unsaturation is alpha, beta- to at least one of the carboxylic acid groups. Such acids include malejc 
^SSSTfan-t acid, tetrahydrophthalic acid or anhydride ^^^^^ 
rophthalic anhydride ("chlorendic anhydride"), Diels-Alderadducts of ™ te «^»^??^^^' 
^ing conjugated olefinic unsaturation, such adducts being exemplified by b ^ d ^.2.1 ] hept-^en-3-2 ^ 
d^rblxylic anhydride, methyl maleic acid, and rtaconic acid. Ma.eic acid or anhydnde and fumanc ao,d are 

^ rSSSJSS o^n^laturated acid or anhyddde. saturated and/or aromatio ^ 
or anhydrides can also be employed in producing the polyester. Such acids ^"dephthaho 
teraphthalic acid, hexahydrophthalic acid or anhydride, adipic acid, isophthahc and. and <tan«- a«d (i.e.. 

'^ISto^eabove esters one may also use dicyclopentadtene modified unsaturated polyester resins 
45 described in US-A— 3,986.922 and US — A — 3,883,612. 1-h . 

A poiyol to also employed to produce the polyester. Such polyols include ethylene glycol, dw^ene glycol. 
propylSS *»SSn. *£ M*— glycols, neopenty. glycol, giycerol and 1.^^P-pan- 
Sa role, notmore than about 20 mole per cent of the poiyol will be total with the rema.nder being one or more 

d,0,S Vlnyl ester rosins that have been advantageously employed in both bulk molding I^W* <"*2""| 
sheet molding compounds (SMC) are resins wherein the secondary hydroxy! group formed by tt» nteracbon 
o£ne^e\^^^ 

pendant carboxylic acid groups. A variety of saturated and unsaturated anhydndes s.m.lar to those dawted 
SSCSlng polyester resins may be used in proportions of at least about 0.1 mote of anhydnde per 
equivalent of hydroxy! group up to an amount sufficient to react with each hydroxy^ 

Thermosetting resins that are classified herein as vinyl ester resins, which conta.n the characteristic hn- 
kaJs aTt^l^rizable unsaturated groups, are fully disclosed in US-A-3.887,515 along wrth the 
preparation of such resins. 
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toe ,ike " , a -„ roister comDOsition for the purpose of dissolving the polyester 

The said monomer is employed m the f^g*^ ensure thaTthe polyester composition is a 
(which is a solid at ambient ^^^^^ ? T ££Z of the fluid is such that the fluid can be 
fluid. Enough monomer ,s employed so that the ^ to be ^ded, because such excess 

terplus monomer, plus low invention , these mate nals are known in the art and include 

If a thickening agent is also employed in me nven , , specific illustrative examples 

theoxide^andhydroxidesofthemetalsofGroupsU^ 

of thickening agents include magnesmm ^^^^^^ , nln8a8 ento«noinrty«nploy«l 

^TonTZTZ invention employs , . carbox^ * ^^ZS^X^ suoh as 
Such polymers include copolymers of vinyl I acetate an [^^^^ like; v In V , acetate/vinyl 

The useful carboxylated vinyl acetate P°^^^™?~^? about 35 000 to about 175.000. They 

ar t a nd . a. M , rlnrn ctearate and others known to the art 

4. Mold release agents or lubricants such as ™= ^^pS^^S^d <«•"- having a wefeht 

5. Rubbers or elastomers such as (a): homopolymere or copolymers °<™>*_^ Q36 ^ ^jy. 

average mo.eou.ar weight of 30.000 to 400.000 or h ^»^^^rS»«* and the like; 
gateddiene.containfmm^-iacarhon^ 

(b) epihalohydrin homopolymers, a copolymer oT two or more w ' m0 , ecularwe ight(Mn) 

which varies from about 800 to about 50,000 as 'f^^.™^ wjth ' ^ and /or with at least one 
including homopolymers of chloroprene .and ^g^JSSTJSSl weight percent of the 
copolymerizable organic monomer wherein ch oroprene co nsroi 47V(d) hydrocarbon polymers 

organicmonomermake^pofthe^ 

including ethylene/propylene dipolymers and copo*mn ^^^^^ ropyl ene/1 .4-hexa- 
jugated dtene, such » f^XSCXSS^ ^Z^S^^L.rs.s^ 

ZSISS^J^ — ed with 15 to a5% by 



* 



EP 0 028 841 B2 



10 



15 



20 



Bi.lmeyer, Jr.. Texfboo* of Pawner Science. ^^^J^SS* *« radica. adding own 

is unsatisfactory in the molding compositions of this inventoon. 

The following Table lists representative styrene-monomer reacbvrty ratios. 





Monomer-1 


Monorner-2 




r 2 


25 


Styrene 


Diethylfumarate 


0.30 


0.07 






Diethylfumarate 


0.400 


0.0905 






Methyl methacrylate 


0.52 


0.46 


30 




Methyl methacr/late 


0.59 


0.536 






Vinyl acetate 


55 


0.01 






Viny! methyl ether 


100 


0.01 


35 




Vinyl ethyl ether 


90 


0 






Vinyl nonanoate 


49.5 


0.01 






Vinyl octadecanate 


68 


0.01 


40 




Vinyl stearate 


68 


0.01 






Vinyl undecanoate 


29 


0.02 






Ally! acetate 


90 


0.00 


45 




Diallylphthalate 


328 


0.057 






Diethyl maleate 


6.52 


0.005 






Ethyl 2-ethoxyacrylate 


23.5 


-0 


50 




Vinyl trimethoxysilane 


22 


0 



55 



rvh*c monomers suitable for use in this invention indude vinyl norbomene. vinyl stearate, butyl vinyl ether. 
l^fiEEZS. vinyi cyclohexene, bicydononadiene. dicydopentadiene. and the foHow- 

ing: 
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unless otherwise specified. . . moIdin g applications including both 

^^^^^^^^^^^ 

^Including — which serve as 

Thecompositionsof this inventor ,can be preyed by ^^^ n9 ^ ^ Jhe ^p,,^ ma y be combined 
asaHobartmfcer.attemperaturesin*^^ ? ^ addmve are 

, in any convenient order. GenaraUy t is 

added m liquid fonn by prepanng a soiut-on^ 

liquid components are usually m.xed ^^"f^^J^'^posMons can be molded into marmoset 
ore adding the fillers and thickerung agent ^^Se fenders, dash-boards and the like, 
articles of desired shape, particularly SS-don being molded as well as upon the 

5 The actual molding cyde will, of course, f^ n *»?°*°°™*™£s m conducted at temperatures of the 
nature of a particular cured ^«'f n «\^***^^~ about 0.5 minutes to about 5 minutes. 

"TSTJSS ^Z^^^^es containing a„ of the ingredients except the 
" nberltL u^g 9 a Brookfield HBT 5x ViscometerTF spindie at 5 rpm. 

Experimental section 

3, Genera, procedure for preparation of bulk molding compound (BMC) formula 

M1 the liquid components were .e f ed^ 
The pan was attached to a Model C100 Hobart m«e '<f •^■JJJ S 3-45 minutes. The agitator was then 
increased to medium speed to completely m* ^S^tJ^IWnLn ice cream carton. The Hobart 
m stopped and the internal mold ^T^^^^XS^M I was completely wet out. The filler 
mixer was restarted and the mold release agentm«ed wrtn q ^ a aMmt 

was next added to the pan contents W**«> Amount of thickening agent was mixed 
paste was obtained. The mixer was again popped and -175 grams of the paste were 

so The mixer was run for -30 seconds after all the glass was n tne p ^ rf ^ BMC mjx 

without g,ass degradation. The parr was .her £™*^ZV^™ foiling on a balance pan 
of -450 grams each were removed using spatulas ana ^ns = Drev entloss of styrene via evapor- 
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General procedure for preparation of sheet Hiding compound (SMC) formulations 

M th e ,i q uid exponents were wefched "^£^^^^^25^ 
on a Toledo ba.ance. The ^^^S^ nKC- 1 Setely m* the 
dissolver. The agitator was started ^ a dow speedy ,wm ^ ad<Jed tQ ^ „ qulds 

Dquhta over a period of *-S -minutes. Themold ^^^.e^asnextaddedgraduai.yfnomata^ 
from an icecream carton and moced untl - *^ were further mixed to a minimum tern- 

container until a consistent paste was ^'^^^nS me P^tTover a period of 2-3 minutes, the mixer 
perature of 32°C (90°F). The thickener was inert ^d«» JJ^Sner and transferred to a wide-mouthed 
Stopped and~175 grama of the Pf 8 ^*^ 

113.4 g (4 oz.) botes. The P^^^jXSc Viscometer on a He.ipath Stand, 
measured periodically using a !1^^^^dor^«woTiflw SMC machine where it is further combined 

viscosity and then molded into the desired article. 

Molding faciities ^ . e - r MrR sur face evaluation are molded on a 75 

30.5x30.5x0.32 cm (1ft 1ft ^S^^^^^Si 30.5 cm (1ft 12") chrome 
TON Queens Hydraulic press. The press * „ at me top . Both molds are 

plated molds. The female cavity » installed m the bottom and \Vm operated at different 

electrically heated and are conMled on (MO'F). The molding pressure 

temperatures. For our molding the top and bottom temperature was i ^ ^ jns; 
whiTcan be varied from 0-75 ™ was mn * JJ^^d™ ^fSL of air. The panels 



Bendix Profilo meter. 
30 Hood scoops 



Hood Scoops desfcned l*e ^^^^^^S^^Z^ 
varying sizes was used to determine -sink . surface smoottin^ana ^ ngular boss (-4.8 cm 

pound formulations containing surface improvers. The t ^^ C ^^^ -3.6 cm (1-4«) diameter). 
(191 base -9 7 cm (3.8") high) and 3 circular bosses (~1 cm (0.4"). 2- 3cm .^ { 

S22, -taini'a numberVriti of varying ^2SS ^ paint enables 
Visual observations of these hood scoops as molded and ate, ^.nongr fl ^ 
one to compare -sink' over the ribs and b^^e ^ 

overall moldaMity. The hood scoop mold .s .nstalled I * 200 T J fe jnstalled in 

ejector pins for release of the molded part and are ^ Jfio molds are controlled separately, 

bottom of the press and the female cavityatthe to ^^^^^L same part can be molded 

to cool and was then evaluated. 
Transfer molding press— Tree mold 

55 the feed lines are approximately 126 mm. 
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Method of shrinkage measurement 

2=b = mm/mm (inch/inch) shrinkage 

mm/mm (inch/Inch) shrinkage* OOO-jun/mm (mOsflnch), shrinkage. 
a=the sum of the lengths of the four s,des o the mold 
b=the sum of the lengths of the four s.des of the molded panel. 

Procedure for MCR measurements 

Surface evasions of mo.ded fiber reined ^^^^^^ cm 
A Bendix Profilometer or ^^^Zt^ous Almond stylus connected to the Bendix Prc- 
(12-X12-) pane lS mo.ded from the venous SMC JJ^^^L MU. and These recorded surface van- 

Example 1 

Possible changes in shrinkage .conUo, (which ^^^-^^0^^^ 
iowreinfomement LP^OA based cr^ca shnnkagec^ forn , ulat ions. The results of these 

able monomer additive was earned out as shown nn Tab e « fte shnn . 

30 expressed as a weight percent of the total mix. 
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TABLE I 

Critical BMC shrinkage control test 



Freeman Stypol® 2955 
Bakelite® LP-40A 
Vinyl acetate 

Styrene 

5nowfiake<D 

Zinc stearate 

TBPB 

Modifier M® 

Glass. 6.35 mm (1/4**) (wt. %) 
JM-308A 

Molded 149X (300°F)/75 tons- 
3 minutes 

Shrinkage, am/mm (mils/inch) 



O) 



60- 
30- 



175- 
4 - 
1.5- 
3.0- 
10- 



(2) 



(3) 



1.0 



— 1 

10 



0.8 



0.6 



0.4 
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Example 2 



Further tests -rt . ~ ZSZS!. ESMS 

mtaoyM*. *,yl rt«rtorrt,>«.. v.rtyl '"^"^J"^* ^u, „ a »«» ~»y «m«» 

r^rri-^rt^rr— 



ved with the vinyi norbomene and vinyl stearate. 
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Example 3 



Other bulk molding compound formulations were run with two other thermoplastic shrinkage control agents, 
Bakeiite® LP-100 and LP-60 low profile additives to determine the effect of crosslinkable monomers on snnn- 
kage control and pigmentability. These data are shown in Table III. In the LP-60 system (40% by weight solubon 
ofa polycaprolactone of about 5000 molecular weight end-capped with phthalic anhydride, descnbed in 
u s A 3 ess 178 incorporated herein by reference) vinyl stearate and butyi vinyl ether improved shrinkage 
control but' not pigmentability. With LP-1 00 (40% solution of vinyl acetate copolymer in styrene), vinyl acetate, 
vinyl stearate, and butyi vinyl ether all improved shrinkage control. The butyl vinyl ether also improved pigmerv 
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Example 4 

Further tests were run using USS MR 13031 polyester resin. Monomers such as vinyl cydohexene, bicyo 
lononadiene, octene-1, octene-2, dimethyl maJeate and dimethyl fumarate. 

5 



TABLE IV 



10 


Run No. 


1 


2 


3 


4 


5 


6 


7 


Formulation 


















USS MR 13031 


65 


65 


65 


65 


65 


65 


65 




LP-40A 


35 


35 


35 


35 


35 


35 


35 


15 


TBPB 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 




Zinc stearate 


2 


2 


2 


2 


2 


2 


2 




VR-3 


2 


2 


2 


2 


2 


2 


2 


20 


Vinyl cydohexene 




2.75 














Bicyclononadiene 






2.75 












Octene-1 








2.75 








25 


Octene-2 

Dimethyl maleate 
Diethyl fumarate 










2.75 


2.75 


2.75 


30 


Modifier M' 1 ' 


3 


3 


. 3 


3 


3 


3 


3 




6.35 mm {1/4") glass <wt. %) 


10 


10 


10 


10 


10 


10 


10 




Molding viscosity, Brookfield 
HBT-5X TF-5, 10* mPa . s 


25.1 


24.0 


22.0 


24.0 


23.6 


21.6 


22.4 


35 


Shrinkage, urn/mm (mils/inch) 


0.83 


0.29 


0.45 


0.0 


0.0 


0.47 


0.93 



Molding conditions: 450 g/149°C (300°F)/3 minutes/75 tons 
m MgO dispersion {33%). 



40 

Example 5 

Further tests were run using Freeman Stypol 40-2955 polyester resin and Diene 221 monomer. 

45 

so 
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Run No. 



TABLE V 

1 



Formulation 



Freeman Stypol® 40-2955 


65 


65 


65 


LP-40A 


35 


35 


35 


Diene 221 




3 


6 


Snowflake(R) 


150 


150 


150 


f-Butyl perbenzoate 


1.5 


1.5 


1.5 


Zinc stearate 


4 


4 


4 


USS Modifier M® 


3 


3 


3 


6.35 mm (1/4") glass (wt. %) 


10 


10 


10 


Molding viscosity, 10 6 mPa . s 


35 


32 


24 


Shrinkage, urn/mm (mils/inch) 


1.04 


0.3 


0.2 


% H z O Absorption 
24 hrs. 
7 days 




0.41 
1.03 


0.53 
1.36 



Molding parameters (30.5x30.5x0.25 cm) (12"x12"x0.1") 2 mins/149°C (300'F)75 tons. 
Example 6 

Sheet molding compound runs were also made with a polyester molding composition containing in addition 
vinyl acetate monomer. These formulations are depicted in Table IV. Surface appearance was rated visually 
on complex hood scoop moldings after coating with a high gloss black paintas described earl.er. In every case 
the use of vinyl acetate monomer improved the surface appearance. 
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TABLE VI 
SMC Formulations 



10 



15 



20 



25 



30 



35 



USS-MR-13031 
LP-40A 
Vinyl acetate 
Snowflake® 
Bakeiite® VR-3 
Zinc stearate 
TBPB 

PDO (50%) 
"B" Side ,n 

OCF-951; weight % 1" 

Molding viscosity, TO 6 mPa . s 
Brookfield HBT-5X/TF/5 cpm 

Shrinkage, Mm/mm (mils/inch) 

Painted hood scoop: 

Surface rating 13 * 

800 g/141 e C {285T)/90 sec/69 
bar {1000 psi) 

800 g/l49X (300*F)/90 sec/69 
bar (1000 psi) 



65- 



28- 



142- 



0.75- 
1.50- 
22.1- 

20.0 
0.0 

2- 



-Approximately 28- » 

24.0 19.6 18.4 



0.0 



3 + 



0.0 



3—3+ 3+-^*- 3+ 



40 Example 7 



0.0 



2 + 



111 Based on <wt. %) Merck Maglite® A (MgO>-5, Bakeiite® LP-85-50. 

Snowflake 42®. and PDl-1 803-3 as a predispersion. 
[2i Highest number is best. 



45 



Additional runs were made with vinyl acetate monomer on a transfer press for molding complex shapes. 
This is a chrome plated match metal die type mold. The formulations employed are shown in Table V together 
with viscosity and shrinkage results. The materials used are identified in Table VI. The profflometer evaluations 
of 10. 16 cm (four inch) discs transfer molding runs are presented in Table VII. The lower number obtained for 
Run 1 using vinyl acetate vis-a^vis the Control clearly indicates the smoother surface obtained. 
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TABLE VIII 

Description of materials 

Freeman StypoKB 2955. An unsaturated polyester resin from Freeman ™™^ C ™^ "j^**^ 
B( S3Eca modified rasin containing approximately 35 weight percent of styrene roomer 

arid (40 weiaht percent) dissolved in styrene (60 weight percent). 

sS® A calcil carbonate filler sold by nompson-Weimann. ,no. having a mean part.de size of 5 

microns. 

SL^^^Crcant disperse of magnesium oxide in an unsaturated polyester carrier ve- 

^l^T^^ZZ^ P^erresln containing approximate, 

35 weight percent of styrene and sold by Rockwell International. 

^Bakelite® VR-3. A mixture of commercial fatty acids sold by Union <*"^ n - _ 

JM 308. A sized fiberglass reinforcement of 6.35 mm (1/4") length sold by Johns ManvHle Corp. 
CM-2015. A black pigment dispersion provided by Plasticolors, Inc. 
PPG-3029 A sized chopped fiberglass reinforcement supplied by PPG Industries. 
HZ ?£S a£ vS percent solution of polyvinyl acetate) in styrene sold by the Union Carb.de 

°T-%Ta 33 weight percent solution in styrene of a methyl methacrylate based thermoplastic polymer sold 

bY ^S^nsaturated po.yester resin made by the condensation of 1.0 mole of ^eic a^ydmJeand 
1.1 mSeVof propylene glycol and containing approximately 33 we^ht percent of styrene and manufactured 

^ ^S^Tht^eactive unsaturated polyester resin believed to be oxalic anhydride modified 
containing approximately 40 weight percent of styrene sold by USS Chemicals Polyester Unit 
OCFg^fiberelassrovingchoppedto 

* C S£w5™JZ^ — * surface actrve agent «*> by Union Cari.de Corporation 
Camel Wite® A finely divided Calcium carbonate filler of average diameter size of 2.5 m.crons suppl.ed 

by H. T. Campbell. 

PD1 1803. A black pigment dispersion sold by Pigment Dispersions, Inc. 

PG-9089 A thickener dispersion containing a ratio of 3.75 parts magnesium hydroxide and 1.0 parts of 
Ca(OH) 2 at approximately 28 weight percent solids supplied ^P'*^^'" 0 - . m 
Merck Marinco H®. A grade of magnesium hydroxide supplied by Merck and Company. 
B^teTl!p-60. A40 weight percent solution in styrene of a phthalic anhydride capped po^caprolactone) 

"^ZSSXZS. SJwe^ht percentao.ufion in styrene of a proprietary vinyl acetate based po^mer sold 
by Union Carbide. 
Diene 221. 
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TABLE IX 
Transfer molding runs 



Run 



Control 



5 


USS MR-13031 


60 


60 






40 


40 




Vinyl acetate 




3 


10 


Came! Wite® 


140 


140 




ASP-400 


21 


21 




Zinc stearate 


4 


4 


15 


TBPB 


1.5 


1.5 




PBQ 


0.02 


0.02 




PDI 1803 


0.3 


0.3 


20 






20.0 




PG 9089 


20.0 




PPG-3029 (wt. %) 6.35 mm 


20 


20 



(1/4") fibers 

Profilometer 
MCR 

Tensile strength, 
N/mm 2 (Dsi) 



50 

28.96 (4.200) 



31 

31.03 (4,500) 



30 Example 8 



The criticality of the upper level of the amount of secondary vinyl monomer used .n this mventon is dem- 
onstrated by the formulations and Control presented in Table VIII. It can be seen here that we 35 .parts by 
weight of LP-40A alone affords cured surfaces with satisfactory surface ratings, the mclus.on of the "conda* 
35 vinyl monomers vinyl acetate and diallyl phthalate at a level of 21 parts produced cured surfaces wrth mfenor 
ratings via-a-vis the Control. 



40 



50 



55 
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TABLE X 

Evaluation of LPS-40A dissolved in vinyl acetate and dialiy! phthalate 



15 



20 



25 





Control 


A 


B 


Ubb-l.3U.51 


DD 


65 


65 


Lr-AUA 


•JO 


35 LPS40AA/Ac 


35 LPS40 A/DAP 


Snowfiake® 


150 


150 


150 


TBPB 


1.5 


1.5 


1.5 


Zinc stearate 


4 


4 


4 


Modifier M® 


2.2 


2.2 


2.2 


OCF-951 wt.% 


27.4 


25.0 


25.1 


Hood scoop painted 
surface rating 








69 bar (1000 psi) 


3 


2- 


2 


34.5 bar (500 psi) 


3+ 


2- 


2+ 


Second monomer level 




21 


21 



(phr) 

DAP=diaIlyl phthalate monomer. 
VAc= vinyl acetate monomer. 



30 



LPS-40A is the vinyl acetate/acrylic acid copolymer thermoplastic dissolved (40%) in styrene (60%) to form 
LP-40A. In A above 40% LPS-40A is dissolved in 60% vinyl acetate monomer. In B above 40% LPS-40A ts 
dissolved in 60% diallylphthaJate. 

Cure conditions for SMC were 800 g charge at 149*C (300°F) for 2 minutes at the molding pressure indi- 
cated. 



35 Example 9 

In order to distinguish the composition disclosed in US-^— 3,830,875 from the claimed invention, Example 
3 of US-A— 3,830,875 and a comparative example were run as closely as possible to each other. In this refer- 
ence the low profile additive used is a mixture of polystyrene and polyethylene. Repeating this Example using 
40 vinyl acetate as an additional monomer in the conventional polyester heat-curable composition, the surface 
values shown in Table IX were inferior to a composition where the vinyl acetate was omitted. This demonstrates 
that the use of vinyl acetate as a secondary vinyl monomer is only effective when used in the compositions of 
the instant invention. 



50 



55 
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TABLE XI 

Patent 
Example 3* 



PPG-50239 154- 



Polystyrene in styrene 39- 
(35%) 

lonol 0.8- 

PDO (50%) 8 — 

Zinc stearate 8 — 



Microthene® FN-510 23- 



Snowflake® 394 

Vinyl acetate 15 None 
Modifier M® 4.3 ■ 



6.35 mm (1/4") fibers wt.% 16 

Shrinkage control um/mm 0.17 0.67 
(mils/inch) 

Profilometer MCR 61 49 



* Example from US— A— 3,830,875. Example No. 3. Table 3a. 



Claims 



1 A method for producing low shrink molded articles with superior surface appearance from a sheet mold- 
ing or bulk molding composition containing an unsaturated polyester, a polymerizable ethyienicaily unsaturated 
monomer which serves to crosslink the unsaturated polyester to a thermoset product and a thermoplastic vinyl 
acetate polymer low profile additive, characterized by incorporating into said composition a secondary 
crosslinkable vinyl monomer having a reactivity ratio with styrene of greater than 1 in an amount of from 1 to 
10 parts per 100 parts of the total composition of polyester resin, thermoplastic polymer and monomer. 

2. The method of claim 1 wherein the secondary vinyl monomer has a reactivity ratio with styrene of greater 
than 5, preferably greater than 20. 

3 The method of claim 1 or 2 wherein the secondary vinyl monomer is vinyl acetate, or vinyl stearate, or 
vinyl norbornene, or dicyclopentadiene, or butyl vinyl ether, or diallyl phthalate, or has the formula: 



4. The method of any of claims 1 to 3 wherein the composition additionally comprises a thickening agent 

such as magnesium oxide. m 

5. The method of any of claims 1 to 4 wherein the composition additionally comprises a reinforcing filler 

such as glass fiber. 

6 The method of any of claims 1 to 5 wherein the composition additionally comprises a rubber or elastomer. 

7. The method of any of claims 1 to 6 wherein the low profile additive is a carboxylated vinyl acetate polymer 

low profile additive. . , la 

8. A sheet molding and bulk molding composition containing an unsaturated polyester, a polymenzable 
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ethyienically unsaturated monomer which serves to crosslink the unsaturated polyester to a thermoset product 
and a thermoplastic vinyi acetate polymer low profile additive, characterized in that rt comprises a tsa^daiy 
crosslinkable vinyl monomer having a reactivity ratio with styrene of greater than 1 in an amount of from 1 to 
10 parts per 100 parts of the total composition of polyester resin, thermoplastic polymer and monomer and suf- 
ficient to provide a superior surface appearance of the molded articles produced. 

9. The composition of claim 8 wherein the secondary vinyl monomer has a reactivity ratio with styrene of 
greater than 5, preferably greater than 20. . . 

10 The composition of claim 8 or 9 wherein the secondary vinyl monomer is vinyl acetate, vinyl stearate, 
vinyl norbomene. dicyclopentadiene. or butyl vinyl ether, or diallyl phthalate, or has the formula: 



1 1. The composition of any of claims 8 to 10 additionally comprising a thickening agent such as magnesium 

OXI<3 12. The composition of any of claims 8 to 1 1 additionally comprising a reinforcing filler such as glass fiber. 
13* The composition of any of claims 8 to 12 additionally comprising a rubber or elastomer. 



Patentanspruche 

1. Verfahren zur Herstellung von Formkorpern mit niedriger Schrumpfung und uberiegenem Oberflache- 
naussehen aus einer SMC- oder BMC-Formmasse, die einen ungesattigten Polyester, ein pdymerisierbares, 
ethylenisch ungesattigtes Monomer, das zur Vemetzung des ungesattigten Polyesters zu einem hitzegehar- 
teten Produkt dient, und ein thermoplastisches Vinylacetatpolymer als schrumpfungshemmenden Zusatz ent- 
halt, dadurch gekennzeichnet, dass man der Formmasse ein sekun dares vemetzbares Vinylmonomer, das ein 
Reaktrvitatsverhaltnis mit Styrol von grosser als 1 aufweist, in einer Menge von 1 bis 10 Teien pro 100 Teile 
der Gesamtzusammensetzung von Polyesterharz, thermoplastischem Polymer und Monomer zusetzt. 

2. Verfahren nach Anspruch 1, worin das sekundare Vinylmonomer ein Reaktrvitatsverhaltnis mit Styrol 
von grosser als 5, vorzugsweise grosser als 20, aufweist 

3. Verfahren nach Anspruch 1 Oder 2. worin das sekundare Vinylmonomer Vinylacetat oder Vinylstearat 
Oder Vinylnorbornen oder Dicyclopentadien oder Butylvinyiether oder Diallyiphthaiat ist oder die Forme! hat 



4. Verfahren nach irgendeinem der Anspruche 1 bis 3, worin die Formmasse zusatzlich ein Verdickungs- 
mittet, wie Magnesiumoxid, umfassL 

5. Verfahren nach irgendeinem der Anspruche 1 bis 4, worin die Formmasse zusatzlich einen verstSrkerv 
den Full staff, z. B. Glasfasern, umfasst 

6. Verfahren nach irgendeinem der Anspruche 1 bis 5, worin die Formmasse zusatzlich einen Kautschuk 
oder ein Elastomer umfasst 

7. Verfahren nach irgendeinem der Anspruche 1 bis 6, worin der schrumpfungshemmende Zusatz ein car- 
boxyliertes Vinylacetatpolymer ist 

8. SMC- und BMC-Formmasse. enthaltend einen ungesattigten Polyester, ein polymensierbares, ethylen- 
isch ungesattigtes Monomer, das zur Vemetzung des ungesatigten Polyesters zu einem hitzegeharteten Pro- 
dukt dient, und ein thermoplastisches Vinylacetatpolymer als schrumpfungshemmenden Zusatz, dadurch 
gekennzeichnet, dass sie ein sekundares vemetzbares Vinylmonomer mit einem ReaktrvitatsverhaJtnis mit Sty- 
rol von grosser als 1 in einer Menge von 1 bis 10 Teilen pro 1 00 Teile der Gesamtzusammensetzung von Pory- 
esterharz, thermoplastischem Harz und Monomer enthalt die ausreicht, urn dem hergestellten Formkorper 
uberlegenes Oberfl§chenaussehen zu verieihen. 
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9. Masse nach Anspruch 8, worin das sekundare Vinylmonomer ein Reaktivitatsverhaltnis mit Styrol von 
grosser als 5, vorzugsweise grosser als 20, aufweist 

10. Masse nach Anspruch 8 oder 9, worin das sekundare Vinylmonomer Vinylacetat, Vinylstearat, Vtnyl- 
norbornen, Dicyclopentadien oder Butyl vinylether oder Dialiylphthalat ist oder die Formel hat 

0 
ti 



45 



CP~X) 



11. Masse nach irgendeinem der Anspruche 8 bis 10, die zusatzlich ein Verdickungsmittel, wie Magne- 
siumoxid, umfasst 

f5 12. Masse nach irgendeinem der Anspruche 8 bis 11, die zusatzlich einen verstarkenden Fullstoff, z. B. 

Glasfasem, umfasst , . . 

13. Masse nach irgendeinem der Anspruche 8 bis 12, die zusatzlich einen Kautschuk oder em Elastomer 

umfasst. 



Revendications 



1 Procede de production d'articles moules a faible retrait de tres bon aspect superficiel, a partir d'une 
composition de moulage en feuille ou de moulage en masse contenant un polyester insature, un monomere a 
insaturation ethyienique polymerisabie qui sert a la reticulation du polyester insature en un produitthermodurci 
et, comme additif bas profil, un polymere d'acetate de vinyle thermoplastique, caractense par I'incorporation 
a ladite composition d'un monomere vinylique reticuiable secondaire ayant un rapport de reacbvite avec le sty- 
rene superieura 1 en une quantite de 1 a 10 parties pour 100 parties de la composition totale de resine polyes- 
ter, de polymere thermoplastique et de monomere. 

2. Procede suivant la revendication 1 , dans lequel le monomere vinylique secondaire a un rapport de reac- 
tivite avec le styrene superieur 5 et de preference superieura 20. ^ 

3 Procede suivant la revendication 1 ou 2. dans lequel le monomere vinylique secondaire est ! acetate de 
vinyle ou le stearate de vinyle ou le vinyl-norbornene ou le dicydopentadiene ou Tether de butyle et de vinyle 
ou le phtalate de diallyle ou repond a la formule : 




4. Procede suivant les revendications 1 a 3. dans lequel la composition comprend en outre un agent epais- 
sissant te! que i'oxyde de magnesium. 

5. Procede suivant Tune quelconque des revendications 1 a 4, dans lequel la composition comprend en 
outre une charge de renforcement telle que de la fibre de verre. 

6. Procede suivant Tune quelconque des revendications 1 a 5, dans lequel la composition comprend en 
outre un caoutchouc ou un elastomere. 

7. Procede suivant I'une quelconque des revendications 1 a 6, dans lequel I'additif bas profil est un additif 
so bas profil du type d'un polymere d'acetate de vinyle carboxyle. 

8 Composition de moulage en feuille ou de moulage en masse contenant un polyester insature, un mono- 
mere a insaturation ethyienique polymerisabie qui sert a la reticulation du polyester insature en un produitther- 
modurci, et comme additif bas profil un polymere d'acetate de vinyle thermoplastique, caractensee en ce qu eNe 
comprend un monomere vinylique reticuiable secondaire ayant un rapport de reactivite avec le styrene supe- 
55 rieur a 1, en une quantite de 1 a 10 parties pour 100 parties de la composition totale de resme polyester de 
polymere thermoplastique et de monomere et suffisante pour que les articles moules produits a.ent un tres bon 
aspect de surface. . 

9. Composition suivant la revendication 8, dans laquelle le monomere vinylique secondaire a un rapport 
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10 



15 



20 



de reactivate avec le styrene superieur a 5 et de preference superieur a 20 

10 Composition survant la revendication 8 ou 9, dans laquelle le monomere v.nylique secondaire est ace- 
tate de vinyle, le stearate de vinyle, le vinyf-norbornene, le drcycfopentadiene ou Tether de butyfe et de vtnyle 
ou le phtalate de dlallyie ou repond a la formule : 




1 1. Composition suivant Tune quelconque des revendications 8 a 10, comprenant en outre un agent epais- 
sissant tel que I'oxyde de magnesium. 

12. Composition suivant I'une quelconque des revendications 8 a 11 , comprenant en outre une charge de 
renforcement telle que de la fibre de verre. 

1 3. Composition suivant I'une quelconque des revendications 8 a 12, comprenant en outre un caoutchouc 

ou un elastic mere. 
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